This study evaluates and compares by dye penetration method and SEM photomicrographs the sealing obtained using two different classes of adhesive systems (etch-and-rinse and self-etch with selective etching) with SDR (Dentsply) bulk fill composite. 84 class V cavities were prepared on oral and vestibular face of 42 intact, freshly extracted wisdom teeth. The cavities were randomly divided in two groups and restored: Group 1 with prime&bond one select (Dentsply) and SDR (Dentsply) and Group 2 with prime&bond one Etch&Rinse (Dentsply) and SDR (Dentsply). Prime&bond one Select (Dentsply) is a single component adhesive and can be used in self etch mode, in selective enamel etch mode, or in etch-and-rinse mode. We chosen for this study the selective etch of the enamel mode. Prime&bond one Etch Rinse (Dentsply) is a universal etch-and-rinse one-bottle dental adhesive, designed to be used in two steps. The bulk fill composites are commonly used in modern dentistry due to their properties of low polymerization shrinkage and curing in layer of 4 mm depth, offering the practitioner a fast clinical procedure with good results. The results showed a good sealing at enamel and dentin margins with no statistically significant difference between adhesives, even though the mean of enamel infiltration was smaller for Group1. Furthermore the results show that there were differences between the two groups, for the infiltrations at the enamel, the values of microleakage being arithmetically higher for Group 1, but with no statistically difference between the two groups.SEM images showed for both groups a good adhesion surface with the tooth, but the hybrid layer of the total-etch adhesives is different from the hybrid layer formed by self etch adhesives, in terms of thickness, uniformity. In conclusion both adhesive systems have equivalent sealing qualities and can be successfully used with SDR.
Resin based composites are universally used for all types of cavities in anterior and posterior teeth. They are considered to be the main option of countless dentists in direct restoration of carious lesions, because of their advantages as high strength, low thermal conductivity, modulus elasticity, hardness [1, 2] . However, the drawbacks of this material are well known among the practitioners. Two of the principal limitations of composites are the cure depth and polymerization shrinkage. Consequently it is suggested the use of a layering technique, in which the layers should not exceed 2.5 mm, in order to obtain an appropriate polymerization [3] . Nowadays dentists use materials that decrease the chair time, reduce microleakage and increase patients compliance. In literature microleakage is defined as the clinically undetectable passage of bacteria, fluids, molecules or ions between a cavity wall and the restorative material [4] [5] [6] [7] . Therefore the bulk-fill composites have been developed, in order to minimize the time of work required by the incremental techniques and decrease micro-leakage [2, 4] .
Bulk-fill composites can be applied in layers of 4-5 mm, because of their high reactivity to light curing and reduced polymerization stress. They have larger filler size, less filler content, grater translucency than conventional composites and excellent bond strength regardless of the method of filling and cavity form. Depending on their consistence, there are available two types of bulk-fill composites: flowable and regular. With the regular type one can restore the whole cavity, while the flowable type must be completed by a 1.5 mm layer of conventional composite, in order to increase the aesthetics and the resistance to masticator forces [1, 4, 8] .
The shrinkage that accompanies the polymerization of the composite resins causes stress at the interface toothrestoration that can lead to microleakage, secondary or recurrent caries and pulpal irritation [3, 10, 11] .The resulted stress should be absorbed by the adhesive systems. The development of adhesive materials provided an important step in restorative dentistry, that led to what is called today, minimal invasive dentistry [9, 12, 13] . Over the years dental adhesives have been classified in numerous ways, based on generations, on the components, on the number of steps or on the clinical strategy. Contemporary classifications depend on the clinical approach and divide adhesive systems into two groups: etch-and-rinse adhesives and self-etch adhesives [13] [14] [15] .
Etch-and-rinse adhesive systems have two versions used in practice: in three steps and in two steps. In the three steps version, the primary components (etchant, primer and bonding) are packaged, each one, in different bottles and the application is made in sequences, whereas the two steps version is a simplified version, that combines two of the components (primer and bonding) in one bottle, but the etching component is still applied in an independent phase [13, 15] . Disregarding the number of steps etchand-rinse adhesives are generally accepted as being the golden standard in dental adhesion [13, 15, 16] . Moreover etch-and-rinse systems have an excellent adhesion to enamel because of the etching with the phosphoric acid, that creates a favorable micromechanical interlocking (macro and micro resin tags) and convenient physical properties for the adhesion to this dental tissue [9, 15] . However the complicated protocol of adhesion is susceptible to mistakes and there is the peril of dehydrating too much the demineralised dentin and generating the collapse of collagen. This can lead after a period of time to serious clinical consequences as adhesion failure or postoperative sensitivity [9] .
Self-etch adhesives systems appeared in order to overcome the drawbacks of the etch-and-rinse systems [15] . These types of adhesives shorten the protocol and make it more intelligible. Distinctive from the etch-andrinse systems, self-etch systems do not use a separate acid to do the conditioning of dental tissues, which is made by acidic monomers contained in the adhesive solution [13] . Regrettably self-etch adhesives used in a single step manner offer lower bond strength than the other systems available on the market and also poor marginal adaptation to enamel [9, 13] . The version of selective etching of enamel, when using a self-etch system, can enhance its adhesive properties, by creating a retentive morphology of the enamel, but a great care should be taken in not etching the dentin also and ruining bonding effectiveness to dentin [9] .
The aim of this study is to asses and compare the sealing obtained for the two different classes of adhesive systems (etch-and-rinse in two steps and self-etch in one step usedwith selective etching) used with SDR bulk fill composite in order to obtain information that will help the practitioners choosing the adhesive system.
Experimental part
Materials and methods 42 freshly extracted human maxillary and mandibular wisdom teeth, intact, with no decays, were included in the study. The teeth were cleaned from all the calculus, osseous tissue and residual soft tissue, using a scaler. They were stored in distilled water. Standard class V cavities were prepared on vestibular and oral faces of each tooth with a width of 4mm, height of 3mm and depth of 1.5 mm having the occlusal margin in enamel and the cervical margin in cement (dentin). All cavities were prepared using a0.10 round diamond bur(Komet) for turbine and a 0.10 inverted cone carbide bur(Komet) for dental clinic Contra Angle Handpiece.
The cavities were randomly divided into 2 groups: -Group 1-restored with SDR using prime&bond one Select;
-Group 2-restored with SDR using prime&bond one Etch&Rinse Universal.
The protocol used for Group 1 included etching the enamel for 15 seconds using the 37% phosphoric acid then rinse vigorously for 15 s and gently air-dried for 5 seconds in order to remove the excess water. Next step involves applying the adhesive on the entire surface of the cavity using a microbrush for 20 s then thoroughly drying for 5 s to evaporate the solvent according to the manufacturers recommendations (table 1), followed by light-curing for 10 s using LEDEX WL-090+-DENTMATE. SDR composite was the injected in the cavities using a gun applier and light-cured for 20 s. Then the restoration was finished and polished using paper discs (Kerr; OptiDisc, Medium 40µm, Fine 20µm) and rubber points (Enhance, Dentsply).
The protocol used for Group 2 included etching the enamel for 30 s and the dentin for 15 s. Then it was rinsed thoroughly for 15 s and gently air-dried for 5 s, to dry the dentin, taking care not to over dry it. The adhesive was applied next, for 20 s with a microbrush, on the whole surface of the cavity, then the solvent was evaporated by thoroughly air drying for 5 seconds, as the manufacturer recommended (Table 1) , followed by light-curing for 10 s using LEDEX WL-090+-DENTMATE. After this the application of the restoration material was similar to that realized for Group 1 [9] .
The teeth were then subjected to thermo cycling at 5-55°C for 500 cycles with a dwell time of 30 s [17] . The apices were occluded with composite resin and two coats of nail varnish were then applied on the tooth surface except 1mm around the restorations. The teeth were then immersed in 2% methylene blue for 24 h [18] . Following that the teeth were rinsed under running water, in order to remove surface dye and kept in distilled water until sectioning. Each tooth was embedded in acrylic resin and then sectioned through the middle of both restorations into slices of 1mm, using a microtom Isomet (Buehler Ltd., IL, SUA). The slices were examined at the optic microscope and one slice was selected from each tooth, the one with the highest infiltration. The selected slices were examined by 2 operators (dentists) using the Olympus KC301, Olympus America Inc. optic microscope. At the toothrestoration interface the length of dye penetration was measured using QuickPhoto Micro 2.2 software (Olympus Inc.) The values obtained for the enamel and the dentin margins were transformed into percentages of dye penetration length and statistically analyzed.
The interface obtained using the investigated two classes of adhesive systems was examine with an scanning electron microscopy Philips XL 30 ESEM.
Statistical analysis: The differences in the microleakage percentages were compared between the two groups. We tested the normality of the distributions of the data with the test Shapiro-Wilk. The Mann-Whitney U-test was used to investigate the differences between the two groups of dental adhesives, regarding the infiltration of enamel, as well as the infiltration of the dentin, separately. The Wilcox on test for paired samples was used to assess the differences within the groups between the percentage of dye penetration length between the enamel and the dentin. The results were considered statistically significant when p < 0.05. 
Results and discussions
The current study assess the effect of a multi-mode adhesive system (prime & bond one Select) and a twostep etch & rinse adhesive (prime & bond one Etch & Rinse) on the microleakage of class V resin composite restorations. The procedures of restoration were realised strictly as planned, without any alteration of the method. The data collected from the study were subjected to statistical analysis using SPSS Software. The microleakage of the enamel had smaller values, that the one present in dentin, for Group 1 (fig. 3 ). For Group 2, the infiltration affected, as well, both the enamel and the dentin, but the values for the dentin were two times higher than the values present at the enamel ( fig. 4 ).
The microleakage was present both in enamel and at the dentin margins, but the extent at the enamel margins, was smaller compared to the dentin margins. The explanation for this can be the different morphology of the two dental structures.
When demineralised, enamel forms highly stable bond strength, because of his high mineral percentage and low water content, while dentin has an lower mineral content and a higher water and organic percentage compared with enamel [19] .
The infiltration at the enamel had two times higher values for Group 1, when compared with Group 2. When referring to the microleakage at the dentin, both groups show similar values of infiltration. The multi-mode approach of the seventh generation allows the practitioner to decide the modality of usage he considers the most suitable for his clinical case. The selective enamel etching was designed in order to obtain a better marginal adaptation in enamel, superior to that achieved when using only self-etch adhesive systems [20] . Phosphoric acid preetching allows the resin to infiltrate better into the enamel, increasing the enamel surface by creating porosities on its surface [21] .
Although the work protocol allowed the selective etching of the enamel, for increasing the adhesion of the all-in-one adhesive system, the results of this study showed a superior sealing when using the 2 steps etch-and-rinse adhesive system.
When statistical analysis was made, firstly were analyzed the values of infiltration at enamel and dentin (cement) for each adhesive system, to investigate if there is a difference on the adhesion performances on enamel compared with on dentin. For this analysis the Related-Samples Wilcoxon Signed Rank Test was used, but no statistically difference was showed for neither one of the adhesive systems (p = 0.199 for prime&bond one Select and p= 0.145 for prime&bond one Etch&Rinse).
Then were compared the infiltrations of the two adhesive systems in enamel and then in dentin. Although there was an arithmetic difference of the means of percentages of infiltration for enamel (table 2), the Mann- Fig. 3 . Optical microscopy of some different microleakage lenghts at enamel (E) and dentin (D) margins: a) (D) for Group 1; b) (E) for Group 1; the red line marks the lengths of microleakage in enamel and in dentin (cement) the yellow line marks the total length of the interface toothcomposite restoration (axial and lateral wall) Fig. 4 . Optical microscopy of some different microleakage lengths at enamel (E) and dentin (D) margins: a) (D) for Group 2; b) (E) for Group 2; the red line marks the lengths of microleakage in enamel and in dentin (cement); the yellow line marks the total length of the interface tooth-composite restoration (axial and lateral wall) Fig. 5 . SEM photomicrographs: a) obturation from Group 1, magnification 25X; b) obturation from Group 2, magnification 25X;c) interface enamel (E) -adhesive-composite(C),Group 1,magnification 500X;d) interface enamel(E) -adhesive-composite (C), Group 2, magnification 500X;e) interface dentin(D) -adhesivecomposite (C), Group 1, magnification 500X;f) interface dentin(D)adhesive -composite (C), Group 2,magnification 500X;g) interface dentin(D) -adhesive-composite (C), Group 1, magnification 1000X;h) interface dentin(D) -adhesive-composite (C), Group 2, magnification 1000X
Whitney U-test showed no statistical difference between the two adhesives (p=0.380). Applied for the dentin values, the test Mann-Whitney U illustrated as well no statistical difference between the two adhesives (p=0.910). The statistic difference between the two adhesive systems was not significant. Although Lopez et al. [9] showed that, when prime&bond one Select Self-Etch and Etch&Rinse Adhesive is used with the selective etching of the enamel, it increases their performance in clinical trial, our study shown that in comparison with prime&bond one Etch&Rinse, it had a lower performance.
Clinically, bond failure can happen for various causes as moisture contamination, incomplete infiltration of resin into the demineralised layer, excessive etching or over-drying. The risk of making an error increases with the number of steps of an adhesive system. The present study shows that the bonding process can be simplified by using systems that combine the primer and adhesive or even by using all in one adhesive systems. Both systems provided low microleakage values, although the process is still technique sensitive [22] .
The adhesion provided shown, at magnification 500X, a continuous interface without voids or gaps, as we can observe in the SEM images, with a good interconnection of the three substrates involved. This proves that a two step etch-and-rinse adhesive system can perform similar as a two step self etch with selective etching on enamel, when strictly respecting the clinical protocol. At magnification 1000X it can be clearly noticed the penetration of the resin into the dental canaliculi and the formation of the hybrid layer and resin filaments. One can observe a very well formed hybrid layer, in close contact with the dentin, which sends ramification to the dental canaliculi, along the line of junction between dentin and adhesive. The presence of alcohol in the composition of total-etch adhesive systems is extremely important, because it helps the penetration of the hydrophobic monomers in the demineralised dental tissue. However, the sensitivity of the adhesive to water is increased, by the presence of alcohol in their composition. An extended acid etching lead to, a decrease of the adhesion strength, therefore the correct acid treatment is vital for the totaletch adhesive systems. The hybrid layer is susceptible to the hydrolysis reaction, which can affect the capacity of sealing of the dental canaliculi and generates a decrease in adhesion strength. For the self-etch adhesive systems, the penetration of the dentin is reduced compared with total-etch adhesives, because the smear-layer is not removed. The SEM studies expose the fact that, for the adhesive systems, there is no standard hybridisation. The hybrid layer of the total-etch adhesives are different from the hybrid layer formed by self etch adhesives, in terms of thickness, uniformity, number and length of resin tags [23] .
The possibilities of methods available in order to asses microleakage are direct visual examination, microscopic examination, scanning electron microscopic examination, dye penetration, air pressure, the use of radioactive isotope tracer, the use of a chemical tracer, electrochemical methodologies, the artificial caries method, the measure of bacteria penetration, neutron activation analysis and three-dimensional image analysis [24] . The methods elected to be used in this study were microscopic examination, scanning electron microscopic examination and dye penetration. The examination at the optic microscope, as well as, dye penetration is the most notorious methods because they are easy to handle [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] .
However the result from the dye penetration method depends on the dye-marker used, on the concentration of the substance used as dye and on the time of immersion. This method is used in small cavities, as class V, combined with SEM for a complete examination, in order to complete scanning electron microscopic examination. Although SEM is considered golden standard in microleakage evaluation, it is dependent of having the technical equipment and well trained man in this domain. These methods are working together in offering a complex vision of the interface toothrestoration material [10, 26, 39] .
The actual study is an in vitro study, in which class V cavities restored by using different types of adhesive systems were investigated in terms of microleakage [22] . In vitro studies remain an indispensable approach in the initial testing of dental materials, as an indicator to the theoretical amount of leakage that can possibly appear in vivo [40] . However, in vitro studies cannot imitate the oral environment adequately and clinical conditions may influence the long-term microleakage of restorations.
Consequently, in vivo studies should be made in order to support the result of this study.
Conclusion
The examined samples revealed subtle differences between the distinctive adhesive systems showing that there is no standard hybridization. Within the limitations of this study, it can be concluded that both adhesive systems offer a good sealing to the restorations and can be used successfully with SDR.
